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ABSTRACT

The accuracies of two approximate formulations which are used in
edge diffraction theory are checked. The formulations apply for the
near-field diffraction of a cylindrical wave by a wedge. The approximate
formulations are compared with the exact solution which can be evaluated
in the region where the approximations need to be checked. The approxi-
mate formulations are found to be accurate, with errors which are
generally less than a few per cent,
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ACCURACY OF APPROXIMATE FORMULATIONS
FOR NEAR-FIELD WEDGE DIFFRACTION
OF A LINE SOURCE

I. INTRODUCTION

A number of antenna diffraction problems have been treated
in terms of diffraction by a perfectly conducting wedge. ! These
problems are treated by taking advantage of the property of wedge
diffraction that the diffracted wave behaves as a cylindrical wave
from the edge of the wedge. Thus a problem is formulated by
superimposing the waves from each edge involved in the structural
geometry.

In general either the diffraction by a plane wave or the far-
field diffraction by a cylindrical wave is used in these problems.
( The term ''far field" is meant to imply that the distance to the
observation point from the edge is large compared to that of the
line source.) However, in certain problems, such as the coupling
between Waveguides,z the near-field diffraction by a line source is
employed. An exact solution for the diffraction of a cylindrical
wave by a wedge is available in the form of an eigenfunction
expansion. However, the practical evaluation of this expansion
is prohibitive for either the source or the observation distance
larger than a wavelength or so. Two approximate formulations
have been used for this solution. The purpose of this report is
to show the accuracies of these approximate solutions.



II. CYLINDRICAL WAVE DIFFRACTION BY A WEDGE

The diffraction of a cylindrical wave by a wedge is illustrated in
Fig. 1. The solution to the problem may be expressed in terms of a
scalar function which represents the component of the electromagnetic
field normal to the plane of study. The geometrical optics fields
depicted in Fig, 2 are given by
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Fig, 1. Geometry of wedge and line source near
field diffraction.
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Fig. 2. Geometrical optics region.



The minus sign in Eq. (2) applies for the electric field polarization

parallel to the edge and the plus sign apglies for perpendicular polari-

zation. R and R' are the distances of the line source and its image,
respectively, to the observation point, The total field is given by

(4) U=U_+Ug,

where Ud is the diffracted field,

The nature of the diffracted wave Uy is that of a cylindrical
wave radiating from the edge. One diffracted ﬁgzld formulation is
obtained by modifying the solution givenby Obha" for the diffraction
of a half-plane illuminated by a dipole source, This solution has
been reduced to the two-dimensional form and extended to wedge
diffraction, The diffracted wave of this formulation is thus given by
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The same convention is used for the choice of signs in the diffracted
field equations as in Eq. (2). The diffraction function, for plane
wave diffraction introduced by Pauli* is given by
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where a =1 + cos ¢.
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Wolf® for the diffraction of a cylindrical wave by a half-plane., This
formulation is extended to wedge diffraction to give the diffracted wave

as

ield formula

ol
4
H
g
to
%)
H
53
)
o]
(o9

no
Al P 94

R;+R

j/ R, + R
2

-k [R + FETo s -¢o)]

() Uglrargsdsby) =

where R = r + r.

Both formulations have been extended for non-zero wedge angles
to agree with Pauli's formulation for plane wave diffraction (r, — @),
It should be noted that both approximations are increasingly accurate
for large distances to either the source or observation points,

The exact solution for diffraction of a cylindrical wave by a wedge
as given by Ha.rringi:on6 is used to check the degree of approximation of
the above formulations, The diffracted field, expressed as an eigen-
function solution is given by
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for r < b and where €&

The bracketed term corresponds to the geometrical optics term in
Eqgs. (1), (2), and (3).

The exact series expansion of Eq, (8) is generally impractical
to compute, However, it can be computed for small arguments (r and r ),
which is the region in which the approximate formulation needs to be
checked, .

III, RESULTS

To check the accuracies of the approximate formulations, only
one of the diffracted-field components needs to be computed as can be
seen from Eqgs, (5) and (7)., Computations for Egs, (5) and (7) are
similar to those in previous publications, A Scatran subprogram for
computing Vg may be found in Reference 7. The computation of
Eq. (8) involves using known identities of Hankel and Bessel functions
in a computer subprogram for calculating Bessel functions of arbitrary
order (see Appendix),




Several representative values of r, r,, and wedge angles were
chosen, The results of the exact formulation, Eq, (8), are shown
in Figs. 3-10, The accuracies of the approximate formulation, Egs. {5)
and (7) are tabulated in Tables 1 through 8 as deviations of the magnitude
and phase from that of the exact formulation,
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Iv, CONCLUSIONS

Two approximate formulations have been used for the diffraction
of a cylindrical wave by a wedge. In this report the accuracy of each formu-
lation is checked by numerical comparison with the exact solution, The
comparison can be made because the exact solution is practical to evaluate
in the region where the approximate formulations have their largest errors,
The accuracy of each of the approximate formulations is found to be quite
good; the error is generally less than a few per cent,
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Sca e
functions of any order is presented in this Appendix., Hankel functions
of the second kind may be obtained by use of the following identity:

@ B = MMrm -1,

v sin v
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SUBROUT INE (BESL)=BESSEL.(PyX)—

BESL IS THE BESSEL FUNCTION OF THE FIRSTY KIND, OF ORDER P,
EVALUATED AT AN ARGUMENT OF X. -

PRECISION {2,DPP,DPX,DPK,DPTEMP,DPBESL,DPCONS) -
BESLX=X-
BESLP=P-
PROVIDED (X.GE.O.), TRANSFER TO (LEN)-
BESL=0.~
NORMAL EXIT -
GAMMA(Z) =(GAMMA (Z+1))/2-
BESL{=Ny X)=((=1)oP.N)#BESLIN,X)~
LEN QIN=1.-
PPP+1.-
PROVIDED (PP.G.0.), TRANSFER TO (BEGIN)-
DEN=1.-
PC=PP-
LENC DEN=CEN#PQ-
PC=PC+l.-
PROVIDED (PC.L.0.), TRANSFER TO (LENO)-
PROVIDED (PG.G.0.), TRANSFER TO (SX)-
QIN=(-1.)eP.(=-P)—
pz-pP~
TRANSFER TO (BEGIN)-
SX TEMP=(GAMMA. (PQ) ) /DEN~-

TRANSFER TG (NEGAM)-
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BEGIN TEMP=GAMMA. (P+1.)~

NEGAM DPTEMP=TEMP-
DPTEMP=1./DPTEMP-
DPBESL=DPTEMP~

DPP=P~

P e T P

DO THROUGH (LOOP),K=1,41, PROVIDED
DPK=K— (.ABS. (DPTEMP2DPCONS) «GeleaXa=6)-
DPTEMP=-DPTEMP#DPX%{1./CPK)#®#(1./{4.%#{DPP+DPK)))»DPX~
UNIVERSAL (CPT,BESLX,TEMP,BESLP,BESLL,CIN)-
PROVIDED (KeLE.10),DPT(K)=DPTEMP-
DPBESL=DPBESL+DPTEMP-
LGOP CONTINUE -
DPBESL=DPBESL#DPCONS-
BESLL=DPBESL-
BESL=BESLL=QIN-
NORMAL EXIT -

ENC SUBPROGRAM -
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